Transforming growth factor-alpha changes firing properties of developing neocortical GABAergic neurons by down-regulation of voltage-gated potassium currents.
Transforming growth factor-alpha (TGFalpha), a member of the epidermal growth factor family, has neurotrophic actions on postmitotic neurons. We examined the chronic effects of TGFalpha on the electrophysiological properties of one type of GABAergic neuron, identified by its bipolar morphology, in neocortical primary culture. Approximately 85% of the bipolar neurons were GABA-immunoreactive. In response to depolarizing current injection, the bipolar neurons usually showed tonic firing of action potential under control conditions. After treatment with TGFalpha (20 ng/ml) for 2 days, these neurons failed to generate trains of action potentials. Furthermore, the treatment altered the action potential waveforms of the bipolar neurons, including the duration and amplitude of the fast after-hyperpolarization, which implies a reduction in voltage-gated potassium currents. In contrast, TGFalpha did not affect the firing properties of pyramidal-shaped non-GABAergic neurons. Voltage-clamp recordings from the bipolar neurons indicated that chronic treatment with TGFalpha markedly decreased the current densities of slow delayed rectifier (IK) and transient voltage-gated potassium currents, whereas the treatment had no effect on voltage-gated sodium current and fast delayed rectifier potassium current densities. Reverse transcription-polymerase chain reaction analysis of potassium channel mRNA in the bipolar neurons revealed that the reduction in the IK current density was caused by Kv2.2 mRNA down-regulation. Thus, chronic treatment with TGFalpha down-regulated slow delayed rectifier and transient voltage-gated potassium currents, and in parallel, suppressed repetitive generation of action potentials in the cortical GABAergic neurons.